This paper examines industrial differences in depreciation rates and the suitability of financial data for a microeconomic analysis. Depreciation is a main source of enterprise investment and serves as a source for replacement of obsolete or used-up capital. The findings on capital structure in this paper are consistent with the common view that heavy industry firms have long-life capital while firms operating in electronics, or light industry as a whole, have a capital structure containing a higher portion of a short-life capital. Also, larger firms are more likely to have a higher portion of long-life capital, like real estate. The last conclusion drawn from this analysis is that certain types of financial data might be highly influenced by seasonal effects which could operate as a measurement error and therefore distort estimates which are sensitive to measurement error.
Introduction
As the transition from central planning to a market system started to unfold in the 1990s, it became clear that the transition economies needed to invest heavily in order to modernize their obsolete capital stock and become competitive on world markets. Depreciation is the main source of financial resources for investment in any economic system where depreciation funds stay available to the enterprise, unlike in the Soviet-type economic system, where depreciation funds were centrally redistributed.
Recent investment literature (for example Fazzari et al. (1988) , Galeotti et al. (1994) or Whited (1992) ) places a great deal of importance on the financial part of the investment process, since the overall financial situation of the enterprise affects its ability to substitute external sources for internal ones. This so-called "cash flow approach" focuses on the limited substitutability of different financial resources which arises from the (partial) inefficiency of capital markets. The lower the substitutability (i.e., the enterprise has limited or no access to the capital market), the more the firm depends on internal sources of investment. These internal sources of investment consist of depreciation, as a source of capital replacement, and retained profits, as a source of new (net) investment. Therefore, depreciation funds should cover the replacement part of gross investment.
Depreciation in the Czech Republic has been governed by laws (mainly by the Income Tax Act -Zákon 586/1992 Sb.) and regulations (issued mainly by the former Federal Statistical Office and the Ministry of Finance) that permit firms to carry out linear depreciation for book value capital up to the maximum defined for various categories of capital goods (capital purchased prior to 1992) and accelerated or linear depreciation at a prescribed rate for recent purchases. However, the firm cannot switch between these two systems once it starts depreciating. From the taxable profit standpoint, depreciation is treated as a cost of production. Assuming that a firm generates enough revenue to cover accounting costs, it also generates replacement funds, since the replacement costs of capital -depreciation -are considered a part of the production costs in the Czech accounting system, or more rigorously, of the tax deductible costs. In this analysis estimates of the average depreciation rate of capital are provided for different types of industrial firms.
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The use of micro panel data enables us to eliminate bias introduced by aggregation (see e.g., Abel and Blanchard (1986) ), reduce measurement error resulting from aggregation over firms and take into account heterogeneity across firms and over time (see e.g., Bond and Meghir (1994) ). In contrast to many western researchers, we are fortunate to have data on both depreciation and investment, which allows the use of different methods of estimation, and also allows a comparison of their performance and an assessment of the consistency of the results within a legal framework.
In particular, we focus on the consistency of the financial accounting data with the capital accumulation constraint on the microeconomic level and also on industry differences in the average depreciation rate.
Theoretical Background
According to accounting and tax laws, depreciation costs are defined as a certain percentage of the book value of capital each year. The scheme is strictly linear, for example, 20% of capital depreciates each year, so after 5 years the capital is fully depreciated and financial resources to replace it should be available in the replacement fund. In the Czech Republic, the country from which the analyzed data originates, the life span of capital varies from 4 years (for most electronics) up to 50 years (for real estate like buildings) 1) . This translates into a depreciation rate ranging from 2.0% per annum (0.5% quarterly) for long-life capital to 25% per annum (6.25% quarterly) for computers. Moreover, for the newly purchased capital, i.e., in the fiscal year of purchase, the depreciation rate is reduced by one half. In order to avoid any cost manipulations, only a firm which has capital in files on December 31 (the last day of the fiscal year) can claim the depreciation costs 2) .
An accelerated depreciation method can be chosen only for new capital acquisitions, then the capital depreciates non-linearly starting at the same rate of depreciation as in the linear case, rising to its peak in the second year of purchase and then the rate 1) There are five categories of capital. Capital depreciates for 4, 8, 15, 30 or 50 years, depending upon the categorization.
2) There are several exceptions to this rule, for example, a firm can claim half of the regular depreciation costs for a piece of capital which is not in its ownership on the last day of the fiscal year.
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3) As was pointed out by Fisher (1987) and also by Fisher and McGowan (1983) , American firms tend to select a depreciation scheme which leads to the maximization of discounted future profits, i.e., tax system distortions also transfer into depreciation. This phenomenon can be observed in the Czech Republic as well, mainly when the firms tend to invest in the last quarter of the fiscal year, however the scope of other distortions is definitely smaller since the Czech tax system is extremely rigid and does not allow for any other "tax evasions" like changes in the selected method or rate or re-evaluation of capital.
In neither the linear nor the accelerated scheme is inflation taken into account, so in the case of a high inflation rate, depreciation cannot cover replacement costs. Therefore, under a high inflation rate, the same type of capital purchased in the sufficiently remote past generates depreciation which is considerably lower than the same capital purchased recently. In this case, depreciation cannot cover replacement. In addition, land does not depreciate at all in the Czech Republic and therefore it is not included in the capital stock.
The basic relationship between capital and depreciation used in the literature is an idealization of an accounting identity on an aggregate (firm or industrial) level. In the case of Czech enterprises, , where Dep is depreciation in nominal terms, K is the book value of the capital at the time of purchase, δ is the depreciation rate and subscript t denotes time. Since the linear relationship holds exactly only for one piece of physical capital bought at the beginning of the fiscal period and the capital assets of all firms consist of different types of capital purchased at different times (i.e., the capital is from different depreciation categories and of different ages), a stochastic error term is added. This random disturbance should then reflect the different capital composition within, and also across, firms, as well as possible nonlinearities if tax laws allow for an accelerated depreciation scheme.
3) The exact formula for accelerated depreciation rate δ for a particular piece of capital at fiscal year t calculated from the time of the purchase is defined as
T is the total lifetime of the capital in the category as specified by the law.
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The common view is that the larger the firm, the more real estate and other long-life capital it owns. Since, by definition, long-life capital depreciates at a lower rate than short-life capital, the relationship between depreciation and capital stock might not be linear at the aggregate level, even if each separable piece of capital in the firm depreciates linearly. In order to verify this possibility, the depreciation function might include higher powers of the explanatory variable (i.e., depreciating capital) like where coefficient δ 2 is expected to be negative if the hypothesis of the capital (1) composition of large firms reflects reality. Indeed, as we will show later, the coefficient associated with the second power of capital is negative, as the common view suggests, and is also very significant.
We also took to industrial differences into account, since the composition of capital in heavy industry should be quite different from the composition in, for example, textiles or electronics. The estimation of the depreciation rate was thus primarily carried on a panel with specification, which allowed for such differences:
where subscript g refers to a particular production industry, subscript i denotes the (2) firm, G is the set of all production industries excluding machinery (machinery was selected as a comparison base). Dummy variable D g takes the value one if the enterprise is in group g and zero otherwise 4) . Therefore, coefficients δ g should be interpreted as a difference from the base (machinery) industry.
In macro and micro literature, whenever investment or production is considered, the so-called capital accumulation constraint is imposed or used for further derivation in
4)
We also worked with specifications which allowed for industry differences in the coefficient δ 2 . Although the results were statistically different from the restricted version presented in this paper, the coefficients had higher standard errors and were much harder to interpret in terms of industrial differences. One should also keep in mind that large samples (like the one we are using) tend to over-reject imposed restrictions. Therefore, we decided to use the simpler form where the size-control coefficient δ 2 is the same for all industries and where it is a straightforward interpretation of industry differences.
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A stochastic disturbance term might be added to reflect that this relationship does not
hold absolutely, since investment can vary substantially over time for many reasons. This can be illustrated by Figure 1 (see also the data in Table A5 ), which plots the quarterly share of investment in GDP in the Czech Republic. While the yearly share of investment in GDP varies only slightly, around 30%, the quarterly values follow a clear seasonal pattern. We can substitute for Dep t-1 from formula (3) into the capital accumulation constraint (1) and let the stochastic term represent not only capital differences but also the stochastic variation in the investment. The result is an alternative estimable equation of depreciation, which generally takes the form:
With industry specific rates the estimable formulation is similar to the formula used (4) above, with variables defined as in (2); the time subscript t is shifted one period ahead in order to keep the formula lucid and to have the same right-hand sides in both formulae (2) and (5):
5)
Aggregating the data, we arrived at the following relationship for an average firm, which illustrates that the capital accumulation constraint is satisfied at the macroeconomic level (standard errors in parentheses): There is one very appealing phenomenon concerning the capital accumulation (5) constraint as formulated above. If the estimated depreciation rates obtained using the definition and accounting data differ substantially from estimates received from the capital accumulation constraint, one can question the simplifying assumptions which lead to the well-known simple form of the capital accumulation constraint or the suitability of the accounting data.
Data Description
Two different data sets are used. The first data set is based on regular questionnaires collected quarterly by the Czech Statistical Office (CSO) 6) from industrial firms. The second one, collected by Aspect Killcunen Ltd., contains only public financial information which is revealed yearly by firms listed on the Prague Stock Exchange. The latter data set includes all types of firms while the former includes only industrial firms.
Let me first briefly describe the latter set, which is comprised of either complete or excerpted balance sheets and income statements as required by accounting law. In contrast to the CSO data, the Aspect data does not contain information on investments. Therefore, it is not possible to estimate the depreciation rate using the alternative specification of the capital accumulation constraint since this requires the inclusion of (unknown) investment expenditures. The industrial firms in the Aspect data compose an unidentifiable subset of the CSO data (i.e., the CSO and Aspect data cannot be linked).
The means and standard deviations of the Aspect data are listed in the Appendix in Table A3 , and the relationship between capital and depreciation is depicted by using raw data points in Figure 2 . Please note the logarithmic transformation used in the graph. The frequency distribution across sectors as quoted on the Prague Stock Exchange can be found in Table A4 .
6) The CSO was formerly, before the split of Czechoslovakia, a part of the Federal Statistical Office.
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The principal data set used in the present analysis was collected by the Czech Statistical Office (CSO) and covers all industrial firms having more than 25 employees in the 1992-94 period and more than 100 employees in 1995. While the CSO was careful in collecting the data, the data set contains a number of errors and inconsistencies. Moreover, when coding data the CSO does not distinguish between missing values and zeroes. In an attempt to assemble a reliable data set (approximately 50,700 quarterly observations), we used the following nine consistency checks:
1)
The firm's capital at the start and end of each quarter should be positive; 2)
The average labor force in a given quarter should be more than 20 employees (sample definition); 3)
Investment should be non-negative; 4)
Production should be positive; 5)
Depreciation should be positive and less than the total capital value; 6) Investment should be smaller than capital stock at the end of the period; 7)
The average wage should be higher than 2000Kc/month (minimum wage in 1992); 8)
Sales should be non-negative; 9)
One-year lagged production, sales and labor should be non-negative or missing.
In imposing these consistency criteria, about 10% of the observations had to be discarded, leaving us with a sample comprising about 90 percent of all industrial firms in the Czech Republic. Since the panel was created from two files (one containing the capital, the other the depreciation) and not all firms were present in both files, capital and/or depreciation contain missing values for about another 10% of the original sample. The regression is carried out on 37797 observations at best 7) .
7)
A sample selection problem might arise here since about 20% of the sample was discarded either because of missing values or because of the inconsistency of the data. The χ 2 test signals that there is no difference in the industry distribution of the discarded firms and the remaining sample (the test value χ 2 16 =0.98 is well below the critical value). Since there is a data consistency problem with the eliminated observations, the usual Heckman two-step method correcting for the sample selection cannot be used.
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The summary statistics of variables that are relevant to this analysis are presented in Table A1 . As may be seen from the table, while investment shows a seasonal pattern with a fourth quarter peak that was observed in the aggregate data, this clear pattern is missing in the depreciation. The average size of the firm is shown in the column labelled "Capital." The size decreases over time in the 1992-1994 period as new smaller firms enter the market (this corresponds to an increasing number of observations in the final column). In 1995 the CSO changed the sample composition (only firms with more than 100 employees are included); the number of firms then drops by almost half and remains stable thereafter 8) . Fortunately, this size variation does not influence the capital-depreciation relationship. In order to check for this possibility, we have also included time dummies in the regression, but they turn out to be jointly insignificant.
Estimation Results
We carried out a standard unbalanced panel estimation of the depreciation rate under the assumption of equal depreciation rates across industries, firstly, as a linear function of capital 9) (Table 1a) and secondly, as a quadratic function (Table 1b) . As   Tables 1a and 1b show, the quarterly depreciation rate ranges from 1.2% to 1.26% 10)
. All methods applicable to panel data give the same result for the linear case 11) . Controlling for non-linearity (Table 1b) shifts the linear coefficient up slightly,
8)
The same pattern can be seen in the labor force. The average firm starts with more than 600 employees in 1992; then the size of the firm again continuously decreases over time to 300 employees in 1994. In 1995 the average size stays in the range of 450-500 employees.
9)
Since there is only one explanatory variable (capital) present in the linear definition, under the assumption of heteroskedastic disturbances, when the variance of residuals linearly depends on capital, the estimated coefficient would be equal to the average of Dep/K, as given in Table A1 .
10)
We also included a constant term in the regression although according to theory, there should be none. Since the sample covers only medium and large size firms and there is no information about the really small firms, one can view the estimated equation as a Taylor approximation.
11)
The panel methods used are: OLS -pooled regression, Between -OLS on means (between individuals), Within -fixed effect estimation and RE -random effect Page: 10 Depreciation Rate to 1.57% at most for the within estimation. According to the Hausman test for linear specification, random effect estimation is the best estimation method. In the case of quadratic form, the Hausman test signals that within estimation significantly differs from the random effect (RE) estimation.
However, none of the estimated rates contradicts each other, and the negative coefficient associated with the quadratic term supports the hypothesis mentioned earlier, that enterprises with large capital stock do own capital with a longer lifetime, i.e., capital which depreciates slowly.
An alternative method of estimating the depreciation rate based on the widely-used capital accumulation constraint gives significantly different results for both linear and quadratic functional forms. One should note that in the linear specification these estimates suggest a much higher depreciation rate, and in the case of within estimates, which are considered consistent, the estimated rate of above 8% per quarter is clearly out of the legal range. As noted by Nickell (1981) , Matyas and Severstre (1992) and Harris and Matyas (1996) , among others, in the case of measurement errors or high noise in the data, the results obtained as within estimates, usually considered to be the best ones, might be completely misleading if valuable information is lost due to high noise.
Moreover, the positive coefficient associated with the quadratic term and the much lower coefficient of the linear term in the quadratic specification contradict the results obtained using depreciation data directly. Therefore, since the results of the alternative method do differ from the norm both for linear and quadratic specifications, it might safely be concluded that, given the nature of the data, the applicability of the alternative method based on the capital accumulation constraint should be seriously questioned.
One possible explanation for the striking difference in the results from the alternative method is that, while depreciation is almost stable over time, investment is highly seasonal (e.g., see Figure 1 ) and completely distorts the results. Indeed, when time dummies were included in the estimation to reflect the seasonal pattern of investment, they were extremely significant, although the main results were almost exactly the same as the results in Tables 2a and 2b . The most striking aspect of the seasonal estimation.
Page: 11 Depreciation Rate pattern is that investment rises continuously from the first to the fourth quarter, and in the fourth quarter it is almost twice as high as in the second and third quarters. The pattern is clearly visible. It exists not only in the Czech and, naturally, Slovak data, but also in the investment series of all four central European countries (data source: CESTAT). As is evident from Tables A1 and A4, the same seasonal pattern observed at the macro level is visible in the Czech quarterly firm-level data. Therefore, there is empirical support for the hypothesis that firms also use investment as a tool to optimize their profitability. This tax optimization process therefore might introduce a measurement error.
A second explanation might be that the accumulation constraint widely used in theory and practice is not satisfied at the accounting level, at least in the short run. Since no other evidence questioning the capital accumulation constraint was found in the literature, we prefer the first explanation of the inadequacy of the financial data because of high measurement error, but more detailed research concerning investment at the micro level using quarterly or even monthly data could bring forth other possible solutions to this puzzle.
Let me briefly discuss the results of industry differences obtained using the depreciation data with quadratic specification in Table 3 . We estimated the linear specification, which gave similar results, but we also decided to include the quadratic term as a control for the size of the enterprise and, therefore, the second order coefficient is restricted to being the same for all industries. The machinery industry was chosen as the benchmark for this analysis. Hence, the other coefficients should be interpreted as the difference between the depreciation rate of the given industry and the depreciation rate of the base industry.
All methods provide similar results as far as the sign of the difference from the base industry is concerned; however, there are slight differences among the methods in the magnitude of the coefficient and in the standard errors. The machinery depreciation rate of 1.6% seems to be identical to those for food, medical goods, furniture, recycling and, with the exception of OLS, ceramic production industries. One should mention the extremely low depreciation rate of capital in the water utility industry (only about 0.5%), which signals that water producers' capital consists mainly of long-life real estate like water dams and pipelines. Also, as expected, heavy industry (mining, chemical production and metal production) has a significant share of long-life capital. A similar situation exists in the wood processing and, surprisingly, textile industries.
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One plausible explanation for this could be that the labor-intensive textile industry did not undergo modernization, since production in the Far East is much cheaper. On the other hand, as one would expect, the depreciation rate is higher in the electronic and publishing industries and extremely high in the automotive industry. The auto industry result is driven by Skoda Mlada Boleslav, one of the largest and most productive enterprises in the Czech Republic, which underwent restructuring and high level modernization and which also benefitted from heavy capital investment (more than $1 billion was invested within 2 years) and the firm's production accounts for more than 10% of the total industrial output. The plastics industry has a higher depreciation rate as well, but we do not have a plausible explanation for this fact.
12)
A similar estimation was carried out using the second (Aspect) data set which covers only shareholder companies listed on the Prague Stock Exchange. Since the data covers only three years so far (data for 1996 is extremely rare), and there are usually two or three observations for each enterprise, the results obtained for the linear specification are listed only in the case of sectoral comparison. The results using quadratic specification were not different from those listed, but the estimates had larger standard errors. It should be noted that the industry specification is different from the one used earlier. Since the companies are listed on the stock exchange, the Prague Stock Exchange sectoral classification is used. The results that do not involve a control for sectors can be found in Table 4a (linear specification) and Table 4b (quadratic specification). Industry comparison appears in Table 6 (linear specification only), with the machinery industry again selected as the base industry.
The different estimated depreciation rates across categories of firms raises the question of whether these differences are brought about by the particular type of investment carried out recently by the different types of firms, or whether they are due to systematic changes during the transition in firms with certain capital stock. In order to check which hypothesis deserves more support, we estimated the coefficients of the depreciation equation using data from 1993 and 1995, respectively, controlling for ownership and legal form. The 1993 capital data by and large reflects the capital stock inherited from the period of central planning (in 1993 the first wave of privatization ended and new owners took over the enterprises), while the 1995 capital data is affected much more by the investment activity undertaken by the firms since their commercialization and ownership changes in the early 1990s. The year-by-year estimates of the depreciation rate of companies with foreign ownership are growing over time, providing support for the new investment hypothesis. However, the findings indicate that both hypotheses play a role in the difference in depreciation rates across industries.
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The results of the estimation of the depreciation rate for the listed companies coincide with the results obtained earlier. One should keep in mind that these enterprises are a partial subset of the previous CSO data comprised of mainly large firms that are eligible to be traded on the stock exchange. These firms are expected to be better performers and have less obsolete capital. This might be an explanation for the slightly higher depreciation rate for these firms.
Since the industry categories (industry divisions) differ from those used by the CSO, the industrial differences are not directly comparable. One cannot draw any straightforward conclusions about the industrial differences, except in the case of glass, transport and trade classifications, where the depreciation rate seems to be significantly lower. Agriculture shows an unreasonably high depreciation and there are two possible reasons for this: Firstly, land is not included in capital stock since it does not depreciate, and secondly and more likely, the majority of enterprises in this group are trade companies (intermediaries), which are not primary food producers, and therefore they resemble a special class of trade company with long-life capital.
Concluding Remarks
The findings presented in this paper on industry differences support the common view that heavy industry capital contains a higher portion of long-life capital. There are also differences in light industry, where, for example, publishers and electronics producers have capital with a high replacement rate. Moreover, the larger the firm, the more likely it is to own slowly depreciating capital. This statement is well-supported by the negative and significant coefficient associated with the quadratic term of capital in the estimated depreciation relationship. Both the CSO data set on all industrial firms and the Aspect data set on firms quoted on the Prague Stock Exchange give similar results.
The second conclusion which can be drawn from the analysis of the Czech data is that the capital accumulation constraint is not acceptable on the quarterly financial enterprise level data in the short run. The seasonal differences in investment introduce extremely high noise, which is then, as a measurement error, able to distort the information and produce inconsistent within estimates of the depreciation rate. Another possible source of problems with the capital accumulation constraint is the transfer of distorting effects from tax law to depreciation as shown in Fisher and McGowan Page: 14 Depreciation Rate (1983) , although Czech law provides almost no opportunity for this type of tax "evasion." This conclusion corresponds to the notion in the literature that within estimates are much more sensitive to measurement error than other applicable methods (i.e., estimates obtained by random effect, or by between or by the widelyused simple OLS methods). 
